Abstract: This paper reviews methods that can be used to estimate the loss in use value associated with saltwater beach recreation in the case of an environmental accident, such as an oil spill. Particular attention is focused on methods for verifying beach attendance data and on transferring benefit estimates from other locales. The paper first reviews methods for estimating what reported attendance might have been had the accident not occurred. The next issue considered is how to verify reported attendance data and how to correct it when systematic inaccuracies are found. The paper then turns to the question of valuing a beach visit and reviews the relevant empirical literature.
INTRODUCTION
It is common that environmental accidents temporarily restrict ocean recreation opportunities. The Amoco Cadiz oil spill in 1978 damaged beaches in Brittany (Brown et al, 1983) . The monetary value of lost beach recreation was part of the damages assessed against Amoco. In 1990, the American Trader oil tanker spilled oil just off Huntington Beach, immediately south of Los Angeles, closing some of the most visited beaches in the U.S. for a period of weeks or more. 1 Again, the value of lost beach recreation was a major factor in assessing damages against those responsible for the spill. In the late 1990s several beaches in Santa Barbara County, California were closed to swimming and other water contact sports for periods of several weeks. In this case the cause was bacterial contamination from storm runoff through creeks. In this case, estimating the value of value lost beach recreation would be an important step in formulating policy concerning the abatement of waterborne bacterial loads.
Although much has been done to improve methods for valuing recreation and other nonmarket environmental goods, 2 there is little published on the practical steps needed to generate an estimate of lost recreation value due to a closure. The purpose of this paper is to detail some of the issues that must be faced in generating damage estimates.
The typical situation in the case of an accident that affects beach use is that attendance drops, possibly to zero, during the affected period. After the beach reopens, the beach experience may be degraded for those who do attend. Furthermore, not all beach visits are the same. The second visit in a week for an individual is probably not worth as much as the first visit.
Visits of different duration may be valued differently --a two hour visit is not equivalent to two one hour visits. Conceptually, the correct way to view the value of lost beach visits is to first measure the surplus loss to an
Valuing Beach Recreation Practically speaking, the typical way of viewing damages is that all visits have the same value, and that total damage is the product of price (average value) and quantity (number of visits lost). The relevant academic literature has focused almost exclusively on the price component of this product, i.e., on valuation, and paid little attention to the quantity component. As shown shortly, however, estimating quantity also presents practical and conceptual challenges. One must attempt to estimate how many visits would have been made if the closure had not occurred. Inevitably, this requires the use of reported data on beach visitation for periods when the beach was open. As emphasized later, in cases where no admission fee or parking fee is charged and access is largely unrestricted, the task of measuring the number of visits is very difficult. In these situations the quality of reported visitation data is naturally open to question, and assessing the accuracy of visitation data becomes an important part of the analysis.
II. BEACH ATTENDANCE
The first question to ask is how much would the beach in question have been used but for the accident ? This is not an easy question to answer quantitatively. There are three time periods to be concerned about: the period when the beach is officially closed, for clean-up purposes or for public health reasons (closure period), the period when the beach is open but the experience is degraded because there is still evidence of pollution (physically degraded period), and the period when the beach is physically clean yet the memory of the accident is fresh enough that the quality of the experience may be somewhat degraded (perceptually degraded period).
Normally, researchers can only deal with lost attendance during beach closure or possibly in the period immediately following beach closure. Because daily beach attendance fluctuates dramatically and for a large variety of reasons --an interesting sports broadcast on local TV can dramatically reduce attendance --it is hard enough to estimate what the attendance might have been if the beach were not closed. Although it is desirable to estimate lost attendance during the physically and perceptually degraded periods, that is often not possible.
To estimate beach attendance but for the accident, one must answer two
basic questions: what would reported attendance have been but for the accident, and does actual attendance differ systematically from reported attendance? As will be discussed later, these are two very different questions, and the second question regarding data accuracy can be very important. For beaches with controlled access, such as through parking lots and entrance booths, estimating actual attendance on any given day is straightforward and generally accurate. However, many beaches do not have limited access points but are bounded by a boardwalk or path adjacent to shops and other urban amenities. Measuring the number of beach visits at such beaches is difficult and is subject to more error. also lagged attendance at the beach and at other beaches. VAR models are commonly used in macroeconomic forecasting. Including lagged attendance reflects the fact that errors from examining only contemporaneous variables will tend to be temporally autocorrelated (Ruud, 1994; Dunford, 1999) . All other things being equal, if yesterday was a day that attracted a large number of beach visitors, then it is likely that today will also attract many beach visitors.
One problem with using a VAR model to simulate the counterfactual is that observations on lagged beach visits, absent the accident, are unavailable.
Thus it is important to try (a) to include as many appropriate contemporaneous variables as possible; and (b) to use lagged attendance at beaches outside of the accident area rather than within the accident area.
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This may not always be feasible however. The less desirable alternative, of using forecast attendance at the study site and lagging it for subsequent forecasting, can cause errors to be compounded.
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As was mentioned earlier, another issue concerns the duration of the damage period. This is not much of an issue when the beach is completely closed. But in other cases the beach may be closed only to some activities; e.g., swimming and surfing. Also, after the beach opens the quality of a visit may be degraded, or people may not be immediately aware that it has reopened.
Clearly, there is some period of time immediately following actual closure when one can expect attendance to be reduced.
B. Correcting Reported Attendance
Reported beach attendance may not correspond to actual beach attendance, and actual beach attendance clearly is what is needed to estimate damages.
Thus the second step, and the one considered in this section, is to identify and correct for any systematic discrepancy between reported and actual beach visitation.
In photos by Boston University placed the figure between 700,000 and one million (Daly and Harris, 1995 (Chapman et al, 1998 Our approach was to take aerial photos at three times during the day, 11 a.m., 1:30 p.m. and 4 p.m. for the entire beach in question.
We assumed zero attendance at 6 a.m. (before sunrise) and did visual counts of attendance at several other points in the early morning. Manual night counts of attendance were also conducted for times after 6:00 p.m.
We were unsure exactly when the peak beach attendance occurred during the is far more likely to be surveyed than someone who is only there 20 minutes.
Both types of visits count equally as "visits" for the purpose of estimating lost recreation value.
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To correct for over-sampling of long duration trips, each observation in the sample must be weighted by the probability of being sampled. at time t and recall that B(t) is the number of people on the beach at time t.
Define the sampling proportion as the ratio of these two, s(t)=S(t)/B(t), the fraction of people on the beach sampled per hour at time t.
Given that a respondent is on the beach, the probability, ? i , that visitor i will be sampled is proportional to the fraction of beach visitors sampled during i's visit:
Eqn. 1 is simple to interpret.
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Suppose an individual is at the beach for four hours and suppose also that the sampling rate is constant at 1% per hour over that period, which would be true if the number of people on the beach is constant and the number of people sampled per hour is constant. If we continually sample 1% of the people on the beach every hour, then the integral in Eqn. (1) is simply the duration of the visit times the sampling rate. In this case (constant sampling rate) the probability that i is sampled is proportional to the duration of i's visit.
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This is a problem in sampling theory, where the sample is not random. The goal is to determine the mean duration of the entire population of beach visits. Let f(x) be the unknown population density of visit durations (x) and g(x) the known sampling distribution. We seek to estimate the mean visit duration based on the population density, which we denote by m. Utilizing the fact that the probability of being sampled is directly proportional to visit duration and inversely proportional to the number of visitors on the beach, as discussed in the context of Eqn. (1), this implies (Cox, 1968 ) that
where ∆ is a constant of proportionality that makes g integrate to one and δ (x) is the weight associated with a visit of duration x, developed for the discrete case in eqn.
(1). Thus 1/D is equal to the expectation of 1/ d(x) with respect to the sampling distribution, g. Rearranging Eqn. (2), multiplying both sides by x and integrating, we obtain
where E g and E f are expectations with respect to the distributions g and f,
respectively. Unbiased estimates of m and D, m and D, can be obtained from a sample of size N:
To implement this procedure we calculated the sampling rate on an hourly basis for each beach. For example, for Newport Beach during the period 10 a.m.--11 a.m., we divided the number of surveys executed during that hour by the average number of people on the beach during the hour. This sampling rate was considered to be constant over the hour when calculating δ in Eqn. 1 for surveys completed during that hour. The average durations of visits at the beaches surveyed are reported in Table 1. c. Estimating Visitation.
Given an estimate of the average duration of a beach visit (m), and the time profile of the stock of people on the beach at any given time during the day, it is straightforward to compute the number of distinct beach-visits. The integral under B(t) from 6 a.m. to 6 p.m.,
gives the number of person-hours spent on the beach during the day. The estimated number of daytime beach visits is simply
This is, of course, only an estimate of day visits. To be complete, one should spot check night attendance. Table 1 shows the results of this calculation for Newport Beach and Huntington City Beach, two beaches south of Los Angeles, for two days in 1995. A second empirical approach to valuing beach recreation involves determining how travel costs affect beach visits This is a widely used method, dating back to the 1940s. If one can observe the cost an individual bears when making a beach visit, one may infer that the visit must have been worth at least as much as the cost. Thus, travel cost plays the role of a price, and demand may be estimated. While the basic premise is valid, the travel cost method is not without problems. At least three issues arise in implementing the travel cost method for determining the value of lost beach recreation. One concerns the sampling frame. Should visitors to the beach be sampled, the common approach, or should the population of possible visitors be sampled, a much more costly but less problematic approach (see Hausman et al, 1995 An additional concern is the loss associated with degraded beach visits.
If the quality of a beach visit can be quantified, e.g., if pollution levels are observed, then it may be possible to estimate the surplus loss from a degraded visit. Such quality considerations have been introduced in some studies, as noted shortly, but not in the context of environmental accidents.
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A. Summary of Other Studies.
An inexpensive approach to estimating the value of a lost beach visit is to transfer an estimate of the value of a lost visit prepared for another context to the beach of interest. Basically, one surveys the literature on beach recreation and generates a best estimate of the value of a visit at the beach in question. To assist in using benefits transfer, we provide a review of benefits estimates for saltwater beach recreation.
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A word of caution is in order in conducting benefits transfer. One must be aware of the nature of the good being valued. With a beach visit, is this a summer visit, a winter visit, a day trip or a multi-day trip? Is the visit primarily to use the beach or to use the water? Should the analysis include boaters, surfers, whale watchers? Clearly, these questions must be addressed when transferring benefit estimates from elsewhere.
There appear to be thirteen relevant studies of the value of saltwater beach recreation. All use either the contingent valuation (CV) or travel cost approach. A number of other studies of water recreation or the value of water quality improvements at recreation areas were also identified. However, they are less useful for determining the value of a lost saltwater beach recreation day for residents. The guidelines are detailed, and include such general recommendations as using referenda rather than open-ended questions, using personal rather than mail surveys and carefully pretesting the survey instrument. Most of the CV studies reviewed here predate these guidelines. The state-of-the-art of CV has evolved considerably over the last two decades.
In order to shed light on the context in which these studies were conducted, as well as the strengths and weaknesses of the methods used, we now review some of these studies below. The travel cost method for valuing recreation resources is well known and widely used. However, Bell and Leeworthy did not examine travel costs, but rather focus on total direct expenditures associated with recreating. To draw the distinction, they included expenditures on meals and lodging, expenditures that may in fact be part of the recreation experience rather than the cost of making a trip. They also excluded the value of time associated with traveling to the recreation site. Another difficulty with their approach is that the visitation rates and beach expenditures used in estimation are not modeled in a way that takes specific attributes of the beach visited into account
To obtain a CV estimate of the value of a beach visit, the authors asked the following question:
Because of beach erosion and other beach related problems, suppose it became necessary for beach users to agree to buy an annual pass which allows you to visit all public beaches in Florida. The money collected would pay for preservation of the beach. What is the maximum you would be willing to pay for the annual beach pass, in addition to any current beach fees?
This yields a CV estimate of the value of a lost beach day. The authors, apparently concerned that responses to this CV question were low, adopted a multiplicative adjustment factor of 3.003 drawn from a study of goose hunting permits done by Bishop and Heberlein (1979) . This adjustment factor was intended to adjust for a supposed downward bias in responses to willingness-topay questions relative to what would be expected in an actual market. While there is a good deal of evidence in the literature that willingness-to-pay is less than willingness-to-accept compensation, there is no consensus on the appropriate adjustment. In fact, the difference is large in some studies and small or negligible in others. 
(1.0) (2.5) (2.5) (9.3) where t-statistics are in parentheses and w is per-capita surplus or willingness to pay ($/person), y is family income ($/year), q is congestion (attendance/acre), t is temperature ( o F), and x is visits of the ith individual to the beach.
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Note that while the coefficient on income is not significant, the coefficients of the other variables are significant at conventional levels.
The R 2 for the estimated equation is 0.29.
While McConnell does not report enough information to calculate the mean value of a beach-day, one can obtain estimates from what is reported. Since congestion is an externality, he first computes the socially optimal level of congestion (q) and finds it to be 400 per acre. For a fixed acreage of beach, lower congestion provides higher utility to fewer people; higher congestion provides lower utility but to more people. Median family income in Rhode Island in 1974 was approximately $13,725. The mean value of x is not known, but it is evident that increases in x reduce the willingness-to-pay. The mean value of q is similarly unknown but increases in q reduce willingness-to-pay. There are two obvious assumptions regarding congestion: one is that it is optimal (at 400); another is that it is zero, yielding the highest willingness-to-pay in Eqn. (7). For instance, assuming congestion is optimal, Eqn (7) can be used to calculate the value of a beach-day as a function of temperature for an individual belonging to a family with median income. Carrying out this calculation yields the figures in Table 2 . Willingness-to-pay would be higher for zero congestion. The fact that we do not know the level of congestion (q) suggests that these figures are subject to considerable uncertainty. In what was basically a CV study, the authors used several different questions to elicit willingness-to-pay. They first asked the willingness-topay to move to the respondent's second favorite site (WTP1). This should provide an estimate of the incremental value of the favorite beach. The authors also asked two other questions related to water pollution: how much the respondent would be willing to pay to avoid increased pollution (WTP2), or to improve water quality from the current state (WTP3). Oregon, for which the median value of a beach day was $13, all beaches generated median values less than $7 per day.
Leeworthy and Wiley also used the NOAA surveys to relate the number of trips to a particular beach to a variety of factors, including travel cost.
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The beaches considered are three Southern California beaches, one New Jersey beach and two Florida beaches. These analyses suffer from several shortcomings, however.
One flaw is evident in the treatment of travel cost, which is set at $0.13 per mile traveled, for all visitors. The authors effectively aggregated together trips of very different types. A three week trip to Florida from England was treated as the same commodity as an afternoon's excursion to a Florida beach by a local resident. Furthermore, and perhaps more important, the trips per year variable, which is used as a regressor, will likely be biased upwards due to the nature of the question pertaining to visitation rates.
Respondents who have traveled a long distance to the beach, e.g., from England to Florida, may only make one trip every several years, or even one in a lifetime. Failing to recognize this introduces an important source of error into the data used for estimation.
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It should also be pointed out that the NOAA analyses cannot be used to determine the value of a specific beach because costs of using substitute sites are not included in the estimating equations. To see the importance of this, consider the estimated demand function for beach visits at Clearwater Beach in
Florida. This equation indicates that if an admission price of $400 per person were imposed there, with no fees at other beaches, people would continue to visit, though cutting back to a mean rate of one visit per year from a mean of 6.8. This is simply implausible. Rational consumers would find substitute sites for beach recreation under these circumstances.
The NOAA data sets represent a large, potentially useful set of data for future empirical work on the value of recreation. To date, however, the analysis carried out with these data has suffered from important shortcomings.
Bockstael, McConnell and Strand Nancy Bockstael, Kenneth McConnell and Ivar
Strand undertook a major analysis of the benefits of water quality improvements in the Chesapeake Bay . For the varying parameters approach, the authors specified a model in which the number of trips to a specific beach for a specific household depends on a) out-of-pocket travel expenses (mileage and admission fees), b) trip time, c) trip expenses and time for a single substitute beach, and d) ownership of a boat, RV or pool. Thus, the authors explicitly take into account substitute recreation opportunities. It appears that the specification used yields estimates of a household demand function rather than a single user's demand.
The demand function the authors specified is linear, and consumer's surplus per trip can be calculated for the mean number of trips from the results they report. C.
Summary of Studies
What can be learned from this review? Our first conclusion is that none of the studies is perfect. Most of the CV studies were relatively primitive by today's standards; few reflect the recommendations of the NOAA panel. The CV
questions were often open-ended and were rarely posed as realistic decisions trading off some expenditure with the provision of a good. Of the CV studies, three seemed to be the best, though not without problems: Binkley and Hanemann, McConnell (Rhode Island) , and the NOAA studies.
The travel cost studies also vary in quality. Typically, travel costs are imprecisely or incorrectly computed, demand equations are improperly specified or substitutes are omitted. The NOAA travel cost studies had so many problems that we excluded them from our tabulation of beach value estimates.
The Bell and Leeworthy study also had sufficiently serious flaws that we would advise excluding their results from the set of defensible values of a beach day. Of the travel cost studies, two appeared to be the best, though again not without problems: Moncur and Bockstael et al. Turning to Table 2, Overall, the bulk of the existing literature places the value of a saltwater beach day, independent of season, in the range of $1-$4. Some studies place the value as high as $12, but these appear to suffer from significant flaws. Also, these values apply to day-use, not overnight tourist use.
V CONCLUSIONS
This paper reviewed some of the problems and methods associated with estimating the damage from lost beach recreation due to an environmental accident. We focused on estimating lost attendance and on transferring the value of a lost beach day from other studies. Clearly, the option of conducting one's own study of the value of beach recreation for the beach affected by the environmental accident should also be considered.
One of the more important conclusions reached is that lifeguard counts of beach visits may well be inaccurate, with over-reporting by as much as a factor of almost five on a busy day. Aerial photos, combined with on the ground surveys of trip duration, can be used to provide defensible estimates of Finally, none of the studies completed to date sheds light on the potential for substituting visits over time; i.e., on the loss the recreationist experiences when a trip is delayed, but not eliminated entirely. This is, arguably, a very important gap in our knowledge with regard to assessing the damages from temporary beach closures. See Chapman et al (1998) and Dunford (1999) . 2 See, for instance, Braden and Kolstad (1991) , Freeman (1993) or Kolstad (2000) . 3 Using beaches outside of the accident area is not totally satisfactory since their attendance may be increased by beach closure at the study site. 4 Dunford (1999) discusses this issue in the context of Ruud's model. 5 For instance, one can sample the population on the beach, asking such questions as "How did you arrive at the beach today?" with choices, car, walk, bicycle, city bus, other bus, other. For those who report arriving by car, one can ask whether they parked in an "official" parking lot or elsewhere, and how many persons were in the vehicle. 6 Chapman et al (1998) report an alternate method which they applied to several beaches in Southern California, including Newport Beach and Huntington City Beach. They stationed monitors at a number of locations along the beach counting the number of people arriving. This would seem to be more accurate than lifeguard estimates though it is not clear how one deals with someone who doesn't stay on the beach during their entire trip but rather goes to the beach, takes a break to obtain lunch, returns, takes another break for a drink, etc. 7 It may be unclear exactly what is included in reported attendance and what specific uses were precluded by the accident. In particular, which facilities (pier, water, sand, bikepath, parking area, playgrounds) were unavailable due to the accident and which are included in reported attendance? Conservative assumptions are one way of dealing with such ambiguity. 8 One could distinguish between a twenty minute visit and a five hour visit in terms of value but that is not usually possible. 9 This adjustment is discussed in Cox (1968) . 10 Note that the probability that i is sampled depends on the amount of time i actually spends on the beach and on the sampling rate during i's visit to the beach area. If i spent four hours in the beach area, with two hours in shops and restaurants, the probability of being sampled would depend only on time actually spent on the beach. 11 If the visitor spends one hour of a four hour visit off the beach at a restaurant, then this probability must be adjusted by the fraction of time the visitor is on the beach: (4-1)/4 = 0.75. Basically, the longer the visitor is in the beach area, the greater the likelihood of being sampled; the more time spent in a restaurant, the smaller the likelihood of being sampled. 12 Aerial photos were taken on three other days, though surveying was not done on those days. Using duration data reported in Table I , a discrepancy between actual and reported attendance is evident in the three additional aerial photo days as well. The survey instrument used to generate the duration data may be found in Appendix A, available from the authors upon request. 13 More detailed discussion of empirical methods for valuing environmental goods may be found in Braden and Kolstad (1991) , Freeman (1993) or Kolstad (2000) . 14 The dollar value individuals assign to time spent traveling in vehicles has been studied intensively. Economic evaluation of new rapid transit systems has motivated much of this work, as reduction in travel time is the main benefit of such systems. This extensive literature has been reviewed by others and broad generalizations on the value of time spent traveling have emerged. Heilbrun (1993) concludes that "individuals value travel time at not more than half their wage rate." Sullivan (1991) generalizes from empirical studies of urban transit that "commuters value time spent in the transit vehicle at about one third to one half the wage." 15 Smith and Palmquist (1994) is one of the few papers we know of that deals with temporal substitution. 16 For example, McConnell (1977) looks at the effect of crowding and temperature on the value of a Rhode Island beach visit. Binkley and Hanemann (1978) look at the effect of water quality improvements on the value of beach recreation in Boston. 17 The survey presented here is current, to the best of our knowledge, through mid-1996. 18 We are excluding a study done by Mead and Sorenson (1970) . Their approach to measuring the value of a beach-day of recreation is considerably more problematic than all of the CV studies reviewed here. 19 See "Natural Resource Damage Assessments Under the Oil Pollution Act of 1990 ," Federal Register, 58 (10): 4601-14 (January 15, 1993 . 20 See 61 Fed Reg 440 (January 5, 1996) codified at 15 CFR. See also Jones (2000) . section 990. 21 For example, see Shogren, et al (1994) . 22 . 23 It is unclear if visits to the beach are visits to all beaches or visits to the beach where the interview took place. 24 Binkley and Hanemann (1978) . 25 Question 7, part E, PARVS survey form dated June 1990. 26 , 1993 , 1994 . 27 To see the problem, suppose there are 10 such persons and each normally makes a visit every 10 years. If they were interviewed over a 10 year period, each of the 10 would report a visitation rate of 0.1 per year. It appears that the NOAA study would record one visit per year for one person in this instance. This is not equivalent to measuring the visitation rate correctly, and it will not yield accurate data on the relationship between travel cost and visitation rates. 28 The household's consumer surplus per trip is given by their equation (4.11) divided by the number of trips. The expected household consumer surplus per trip is approximately equal to the average number of trips divided by twice the absolute value of the coefficient on price (access cost) in the demand equation. 29 The NOAA survey for Pt. Lookout Beach in Maryland shows an average group size of 3.78 (Leeworthy et al,1989) . Pt. Lookout is one of the beaches in the Bockstael et al study.
